As an initial step in examining such sub. lethal effects, we have looked at the fate and distribution of two organochlorine insecticides, DDT** and mirex in the winter flounder, Pseudopleuronectes americanus. DDT, of course, has been widely used, while mirex (7, 8) , and its derivatives, e.g., Kepone (9) , are newer and have been used primarily for fire ant control in the southeastem United States. DDT and mirex share many properties, including thermal stability, resistance to photooxidation, high lipid solubility, and extreme persistence in the environment (10) (11) (12) . However, in structure, they are rather different. DDT (I) is a planar molecule containing a pair of aromatic rings. Mirex (II) is approximately cubic in configuration and is completely saturated with chlorine atoms. As will be shown below, they are alike in their later distribution, their excretion, and their lack of metabolism. On the other hand, they are quite different in their initial distribution and mobility within the flounder. Unlabeled Pesticide Analysis Two flounder obtained from the same source as the experimental fish were sacrificed, immediately frozen, and less than 1 month later analyzed for DDT and metabolites by gas chromatography by using standardized procedures (15) . Briefly, whole flounder were ground in a blender to obtain a homogeneous sample and fat was extracted from a 20-ml aliquot. Following acetonitrile partition and Florisil chromatography, the extract was concentrated and analyzed on a Glowall Chromalab instrument equipped with a 226Ra electron capture detector. The column was packed with a 1:1 mixture of 7% QF-1 and 9% OV-17 (both on 80/100 mesh Gas-Chrom Q) and run at 2260C. Identification and quantitation of sample peaks were performed by comparison of retention times and calibration curves obtained from standard solutions of reference compounds.
ReSuItS Ambient Pesticide Level
Gas-chromatographic analysis of two freshly caught flounder provided an estimate of background DDT residues in the local flounder population of Mt. Desert Island, Maine (Table 2) . On a wet weight basis, individual values for both fish were identical. Total DDT residues were 0.11 ppm in the whole body. Isomers of DDT itself (0.05 ppm) accounted for almost 50% of the pesticide, while DDD (0.02 ppm), DDE (0.01 ppm), and DDMU (0.03 ppm) made up the remainder. Since the lipid content of these wild flounder was so low (1.10 and 0.42 mg/g), expressing the data on a lipid weight basis must be viewed with caution. Under these conditions, lipid weight data may not only be misleading, but can be inaccurate as well (16) . Note that while values in the two fish were identical on a wet weight basis, they are grossly different on a lipid weight basis.
Total residues in these flounder approximate one fiftieth of the acute lethal dose we have observed in a preliminary experiment with the flounder. This value is in the lower June 1973 
Distribution of DDT and Mirex
The intravenous injections employed in this study represented a dose of 14C-pesticide approximately equal to the existing environmental load of 0.1 mg/kg of fish, i.e., 0.1 ppm. As will be shown below, -metabolism of both DDT and mirex is very limited, thus measurement of total radioactivity is essentially equivalent to the quantity of parent pesticides. Table 3 shows the concentration of 14 C-pesticide in plasma at intervals after injection. When the 1 4 C-DDT data were plotted semilogarithmically, three components were distinguished. An initial half time Table 3 . Unlike the continuous fall seen with DDT, mirex levels were variable at early times. From 4 hr, however, plasma mirex falls only slightly more slowly than plasma DDT. There seem to be only two components in the mirex curve, a rapid loss from the vascular compartment, followed by a slow (T,, = 8 days) redistribution phase.
Tissue Distribution
Consideration of the tissue distribution of injected pesticide gives further indication of the movements described above. At early times when plasma levels were highest, all tissues were labeled (Table 4 and Fig. 3A) . In the case of 14C-DDT the carcass, liver, kidney, and plasma contained the bulk of the drug at 15 min and 1 hr. During the remainder of the week, the carcass (89% of body weight and primarily muscle) increased its content to over 80% of the pesticide, while plasma, liver, and all other organs lost pesticide. More specifically, during the period from 15 Examining DDT distribution data from the perspective of tissue to plasma ratios (T/P)
gives an appreciation for the concentration in the tissues, normalized for the changing plasma levels to which the tissues were exposed (Fig. 4A) . Once tissues were presented with DDT all T/P ratios began to increase and peaked by 8 hr. Thereafter, the ratios remained rather constant, i.e., tissue concentrations fell in parallel with plasma concentration. The only exception to this generalization is muscle, which showed a steady increase in T/P for 24 hr and a slight increase thereafter. Thus, by virtue of its size (about 89% of body weight), the carcass component acted as a sink and gradually accumulated the bulk of the pesticide even though the actual pesticide concentration did not become as great as that in several smaller organs such as liver (only 0.84% body weight). The mirex distribution picture is comparable to that of DDT, except its time course is extended. The renal compartment was the dominant one initially (Table 4 and Fig. 3B ), since the route of administration presented a major portion of the dose to the kidney first via the caudal vein and the renal portal system. Other modes of administration (stomach tube or uptake from ambient water) showed accumulation in the first organs exposed (i.e., gut and liver or gill). Thus, it was a TIME, hr large initial exposure to, not a high renal affinity for, mirex which produced the apparently large "accumulation" of mirex in the kidney at early times. The 15-min data for DDT also showed an elevated renal value; however, the time course for redistribution was much more rapid compared with mirex. This redistribution of mirex from the renal compartment to other organs appears to be the major factor in the prolonged (T. = 8 days) component of the plasma decay curve. All other tissues increased in mirex content during this period (Fig. 3B) , the quantitatively most significant recipients being liver and carcass. Similarly, all tissue except kidney required an extended period to achieve maximum T/P ratio for mirex, and in fact, all T/P ratios, except kidney, rose throughout the entire exposure period (Fig. 4B) (Table 4 and Fig. 5 ). As determined by the almost complete absence of radioactivity in the bathing sea water and in the acetone extract from the walls of the container, net gill excretion was negligible (less than 0.1% of the dose in 1 -week). Loss with reabsorption is, of course, possible (20) .
Urinary excretion was slight (1.9% of the dose in one week for DDT and 0.5% for mirex). Both of these observations are explained, at least in part, by our preliminary plasma binding studies of DDT, which demonstrated that 95% or more of the pesticide is bound and thus is not available for either diffusion at the gills or filtration by the kidney.
Bile appeared to be the major route of excretion for these pesticides, since 6.5% and 2.2% of DDT and mirex, respectively, was excreted in this manner in 1 week. However, this was determined in gall bladder bile; thus, the pesticide it contained had not transversed the digestive tract where it could have been reabsorbed. Several preliminary experiments presenting each pesticide via stomach tube have shown that both DDT and mirex may be absorbed from the gut of the flounder. Thus, net biliary excretion must be even less than we have measured. The rate of excretion for DDT was relatively constant via both the renal and biliary routes (Fig. 5) . Biliary excretion of niirex gave much the same picture. The rate of urinary excretion was not constant, since there was little additional urinary excretion after 4 hr (0.4% of the dose in 4 hr compared with 0.5% in 1 week). Thus, the bulk of both of the intravascularly injected pesticides, particularly mirex, is retained by the fish.
Metabolism
On extracting the samples and analyzing the extracts as described above, it was established that all tissues and fluids, except urine, contained primarily unaltered 1 4 C-DDT or -mirex. Representative data for DDT in tissues and fluids are shown in The only exception to the general paucity of metabolites in this study was in the urine of DDT-treated fish (Table 6 ). TLC in the heptane system showed that urine contained a preponderance of one or more polar metabolites (50-70%). The other major component was DDT (15-28%) , with lesser amounts of DDE and DDD detected. Analysis of urine 
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Thus, it is reasonable to picture the initial distribution of DDT or mirex as a rapid movement from the relatively aqueous environment of plasma to many sites of varying affinity in the tissues, and therefore dependent primarily upon relative perfusion of the sites. Furthermore, our own preliminary plasma-binding studies and those of others (24) argue that after the initial period essentially all pesticide remaining in plasma is also bound to some macromolecular site. After the initial distribution, there is redistribution from sites of low affinity to those of higher affinity (i.e., lipid). Thus, the toxic effects of an acute exposure may be very different from those of long-term, low-level dosage, since different organs of different sensitivities will be more heavily exposed, depending upon dose, time course, and route of exposure.
A further possibility for variation in toxic effects is provided by the different lipid contents among species. For example, Dvorchik and Maren (24) showed in the dogfish, Squalus acanthias, which has a large liver (10-17% of body weight) both heavily perfused and high in lipid (40-60% of wet weight), that this organ immediately takes up the bulk of the '4C-DDT entering the fish. Moreover, the liver retains the pesticide and the dogfish does not show the redistribution characteristic of the winter flounder, which has a small liver (0.8% of body weight) relatively low in lipid (4% of wet weight). Thus, the liver of the dogfish is an effective sink for the pesticide and diminishes the exposure of other organs to a lower level than in the flounder.
In addition to distribution, a second major factor influencing the toxicity of these pesticides is the ability of the fish to metabolize them. In the flounder, impaired metabolism results in slow conversion of the parent pesticides to less toxic derivatives, i.e., over 90% of the DDT and all of the mirex present after 1 week is still the unaltered parent compound. Furthermore, limited metabolism minimizes production of more water-soluble, more easily excreted products such as DDA. It should be emphasized that while polar metabolites comprised only a few per cent of the total label present, they accounted for 40-80% of the urinary DDT levels. Since plasma binding (24) also minimizes the availability of the parent pesticide, excretion of both DDT and mirex is very slow. Thus, the winter flounder retains a large fraction of the pesticide presented to it typifying the concept of bioconcentration, and is essentially unable to reduce the toxicity of the retained pesticide. Hence, it would appear that many of the general concepts regarding the fate and distribution of DDT (1-6) and mirex (25) (26) (27) (28) in the biosphere and in certain marine species can be successfully applied to the winter flounder. Exceptions to these general rules can be explained in terms of certain unique features this species possesses, e.g., relative organ size, relative fat content, blood vessel shunting, and limited ability to metabolize chlorinated hydrocarbon pesticides. One final consequence is also evident. Since the winter flounder holds its pesticide burden primarily in muscle, the flesh of flounder from contaminated areas will be heavily loaded and is potentially dangerous for tenninal consumers, including man.
